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(54) Solid-state image-sensing device and method for producing the same 

FIG. 4 



(57) A solid-state image-sensing device has pn- 
junction sensor parts isolated corresponding to pixels 
by a device isolation layer. The solid-state image-sens- 
ing device includes a first-conductivity-type second 
semiconductor well region formed between a first-con- 
ductivity-type first semiconductor well region and the 
device isolation layer. When the device is operating, a 
depletion layer of each sensor part spreads to the first 
semiconductor well region, which is beneath each of the 
sensor parts. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to solid-state 
image-sensing devices, and particularly to a metal- 
oxide-semiconductor (MOS) or complementary-metal- 
oxide-semiconductor (CMOS) solid-state image-sens- 
ing device and a method for producing the device. 

2. Description of the Related Art 

[0002] As a type of solid-state image-sensing 
device, an MOS or CMOS solid-state image-sensing 
device is Known that includes unit pixels each including 
a photodiode sensor and a switching device and that 
reads signal charge accumulated in the sensor by pho- 
toelectric conversion, converts the charge into a voltage 
or current, and outputs it. In the MOS or CMOS solid- 
state image-sensing device, MOS transistors or CMOS 
transistors are used as, for example, switching devices 
for pixel selection and switching devices for reading sig- 
nal charge. Also in peripheral circuits such as a horizon- 
tal scanning circuit and a vertical scanning circuit, MOS 
transistors or CMOS transistors are used, so that there 
is an advantage in that the transistors can be produced 
together with the switching devices. 
[0003] Hitherto, in a MOS or CMOS solid-state 
image-sensing device using pn-junction transistors as 
sensors, the sensors of pixels are formed so that the 
pixels are isolated in the form of an X-Y matrix by a 
device isolation layer resulting from local oxidation, i.e., 
a so-called "LOCOS (local oxidation of silicon) layer". 
[0004] As shown in Fig. 21, a photodiode 1 to be 
used as a sensor is formed by forming a p-type semi- 
conductor well region 3 on, for example, an n-type sili- 
con substrate 2, forming a device isolation layer 
(LOCOS layer) 4 resulting from local oxidation, and per- 
forming ion implantation of an n-type impurity 6 such as 
arsenic (As) or phosphorus (P) in the surface of the p- 
type semiconductor well region 3 through a thin insulat- 
ing film (e.g., an Si0 2 film) so that an n-type semicon- 
ductor layer 7 is formed. 

[0005] In the sensor (photodiode) 1, it is necessary 
that a depletion layer be enlarged for increasing the 
photoelectric conversion efficiency so that even signal 
charge photoelectrically converted at a deeper position 
can be used. 

[0006] In order to dope the n-type impurity 6 in the 
formation of the photodiode 1 to be used as a sensor, 
ion implantation is performed using a photoresist layer 8 
aligned on the device isolation layer 4 to protect other 
regions, as shown in Fig. 21. Thus, a pn-junction j 
appears at an end A of the device isolation layer 4. It is 
known that a stress generates crystal defects such as 
dislocation at the end A of the device isolation layer 4. 



Accordingly, when the depletion layer, generated by 
reverse biasing the pn-junction j, occurs in the region of 
at the end of the device isolation layer, which has the 
crystal defects, a leakage current is increased by the 
5 electric field. When the leakage current is increased in 
the sensor (photodiode) 1, a signal charge is generated 
and forms a dark current, even if no light is incident. 
Since the dark current is generated by the crystal 
defects, each sensor 1 has a different amount of gener- 
ic ated dark current, which appears as nonuniformity of 
the image quality 

SUMMARY OF THE INVENTION 

15 [0007] Accordingly, it is an object of the present 
invention to provide a solid-state image-sensing device 
designed so that photoelectric conversion efficiency in 
sensor parts can be increased. 

[0008] It is another object of the present invention to 
20 provide a solid-state image-sensing device designed so 
that a dark current resulting from leakage current can 
be reduced, and to provide a method for producing the 
device. 

[0009] To these ends, according to an aspect of the 

25 present invention, the foregoing objects are achieved 
through provision of a solid-state image-sensing device 
having pn-junction sensor parts isolated corresponding 
to pixels by a device isolation layer. The solid-state 
image-sensing device includes a first-conductivity-type 

30 second semiconductor well region formed between a 
first-conductivity-type first semiconductor well region 
and the device isolation layer. In the device, when the 
device is operating, a depletion layer of each of the sen- 
sor parts spreads to the first semiconductor well region, 

35 which is beneath each of the sensor parts. 

[0010] Preferably, the second semiconductor well 
region is simultaneously formed with the semiconductor 
well regions formed after the formation of the device iso- 
lation layer in a CMOS transistor. 

40 [0011] According to another aspect of the present 
invention, the foregoing objects are achieved through 
provision of a solid-state image-sensing device having 
pn-junction sensor parts isolated corresponding to pix- 
els by a device isolation layer resulting from local oxida- 

45 tion. The solid-state image-sensing device includes a 
semiconductor region of a conductivity type opposite to 
the conductivity type of a charge accumulating region of 
each of the sensor parts, and the semiconductor region 
is formed between the charge accumulating region of 

so each sensor part and the device isolation layer. 

[0012] Preferably, the solid-state image-sensing 
device further includes a second semiconductor well 
region formed between the device isolation layer and a 
first semiconductor well region beneath the device iso- 

55 lation layer, and when the device is operating, the deple- 
tion layer of each of the sensor parts spreads to the first 
semiconductor well region, which is beneath each of the 
sensor parts. 
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[001 3] The semiconductor region may be formed by 
extending a portion of a second semiconductor well 
region formed between the device isolation layer and a 
first semiconductor well region beneath the device iso- 
lation layer. 5 
[0014] According to a further aspect of the present 
invention, the foregoing objects are achieved through 
provision of a solid-state image-sensing device includ- 
ing pn-junction sensor parts isolated corresponding to 
pixels by a device isolation layer resulting from trench io 
isolation. The solid-state image-sensing device includes 
a semiconductor region of a conductivity type opposite 
to the conductivity type of the charge accumulating 
region of each of the sensor parts, and the semiconduc- 
tor region is formed to extend from the device isolation 15 
layer to a pixel region. 

[0015] Preferably, the opposite-conductivity-type 
semiconductor region is formed by extending a portion 
of a semiconductor well region. 

[0016] According to a still further aspect of the 20 
present invention, the foregoing objects are achieved 
through provision of a method for producing a solid- 
state image-sensing device which includes the step of 
forming, by performing ion implantation, a semiconduc- 
tor region after forming a device isolation layer resulting 25 
from local oxidation, wherein the device isolation layer 
isolates pn-junction sensor parts in correspondence 
with pixels; the conductivity type of the semiconductor 
region is opposite to the conductivity type of a charge 
accumulating region of each of the sensor parts; and an 30 
end of the semiconductor region is positioned at the 
side of the parts except for an end of the device isolation 
layer. 

[0017] Preferably, the semiconductor region is 
formed by a second semiconductor well region formed 35 
between a first semiconductor well region and the 
device isolation layer. 

[001 8] in the method, after forming the device isola- 
tion layer, the semiconductor region may be formed by 
forming, beneath the device isolation layer, a second 40 
semiconductor well region leading to a first semicon- 
ductor well region. 

[0019] According to yet another aspect of the 
present invention, the foregoing objects are achieved 
through provision of a method for producing a solid- 45 
state image-sensing device which includes the steps of: 
forming a device isolation layer resulting from local oxi- 
dation, the device isolation layer isolating pn-junction 
sensor parts corresponding to pixels, and for forming a 
gate electrode of a read transistor connected to each of so 
the sensor parts; and forming, by performing ion implan- 
tation, a semiconductor region of a conductivity type 
opposite to the conductivity type of the charge accumu- 
lating region of each of the sensor parts so that an end 
of the semiconductor region is positioned at the side of 55 
the sensor parts except for an end of the device isola- 
tion layer, with the gate electrode being used as a refer- 
ence position. 



[0020] According to still another aspect of the 
present invention, the foregoing objects are achieved 
through provision of a method for producing a solid- 
state image-sensing device which includes the step of 
forming a semiconductor region of a conductivity type 
opposite to the conductivity type of a charge accumulat- 
ing region in each of pn-junction sensor parts so as to 
surround a device isolation layer resulting from trench 
isolation, wherein the device isolation layer isolates the 
pn-junction sensor parts corresponding to pixels. 
[0021] According to a more aspect of the present 
invention, the foregoing objects are achieved through, 
provision of a method for producing a solid-state image- 
sensing device which includes the step of forming, after 
forming, on a semiconductor substrate, trenches for iso- 
lating pn-junction sensor parts corresponding to pixels, 
and after forming a semiconductor region of a conduc- 
tivity type opposite to the conductivity type of a charge 
accumulating region of each of the sensor parts so as to 
surround each trench, a device isolation layer by 
embedding an insulating material in each trench. 
[0022] According to the present invention, photoe- 
lectric conversion efficiency in sensor parts in a solid- 
state image-sensing device can be increased, which 
makes it possible to provide a solid-state image-sensing 
device with high sensitivity. 

[0023] According to the present invention, sensor 
parts having high photoelectric conversion efficiency 
and a low dark current can be formed without increasing 
production steps. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] 

Fig. 1 is a block diagram showing an embodiment of 
a solid-state image-sensing device according to the 
present invention; 

Fig. 2 is a circuit diagram showing another example 
of a unit pixel applied to a solid-state image-sensing 
device of the present invention; 
Fig. 3 is a circuit diagram showing another example 
of a unit pixel applied to a solid-state image-sensing 
device of the present invention; 
Fig. 4 is a main part sectional view showing an 
embodiment of a sensor in a solid-state image- 
sensing device according to the present invention; 
Fig. 5 is a sectional view showing another embodi- 
ment of the sensor in the solid-state image-sensing 
device according to the present invention; 
Fig. 6 is a sectional view showing another embodi- 
ment of the sensor in the solid-state image-sensing 
device according to the present invention; 
Figs. 7A to 7D are sectional views showing a proc- 
ess for producing the sensors in Figs. 5 and 6; 
Fig. 8 is a main part sectional view showing another 
embodiment of the sensor in the solid-state image- 
sensing device according to the present invention; 
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Figs. 9A to 9E are sectional views showing a proc- 
ess for producing the sensor in Fig. 8; 
Fig. 10A a main part plan view showing an embod- 
iment of a solid-state image-sensing device pro- 
vided with a sensor according to the present 
invention, and Fig. 10B is an equivalent circuit dia- 
gram of a unit pixel of the sensor; 
Fig. 11 is a sectional view taken on line XII.XIII- 
XII,XIII in Fig. 10A in the case where the sensor in 
Fig. 8 illustrating the present invention is included; 
Fig. 12 is a sectional view taken on line XII.XIII- 
XII.XIII in Fig. 11 in the case where the sensor in 
Fig. 6 illustrating the present invention is included; 
Figs. 13A to 13C are sectional views showing a 
process for producing a CMOS transistor included 
in the peripheral circuit of a solid-state image-sens- 
ing device; 

Fig. 14 is a main part sectional view showing 
another embodiment of the sensor in the solid-state 
image-sensing device according to the present 
invention; 

Fig. 15 is a sectional view showing another embod- 
iment of the sensor in the solid-state image-sensing 
device according to the present invention; 
Fig. 16 is a sectional view showing another embod- 
iment of the sensor in the solid-state image-sensing 
device according to the present invention; 
Rg. 1 7 is a sectional view showing another embod- 
iment of the sensor in the solid-state image-sensing 
device according to the present invention; 
Figs. 18A and 18B are process charts showing a 
method (according to an embodiment of the 
present invention) for producing a sensor part 
obtained by trench device isolation; 
Figs. 19A, 19B, and 19C are process charts show- 
ing a method (according to another embodiment of 
the present invention) for producing a sensor part 
obtained by trench device isolation; 
Figs. 20A, 20B, and 20C are process charts show- 
ing a method (according to another embodiment of 
the present invention) for producing a sensor part 
obtained by trench device isolation; and 
Rg. 21 is a main part sectional view showing a sen- 
sor part in a conventional solid-state image-sensing 
device. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0025] Fig. 1 shows a solid-state image-sensing 
device of, for example, a CMOS type, according to an 
embodiment of the present invention. 
[0026] A solid-state image-sensing device 10 
includes: an image sensing region formed by providing, 
in the form of a matrix, a plurality of unit pixels 14 in 
which each unit pixel includes a photodiode (i.e., a pn- 
junction sensor) 1 1 for performing photoelectric conver- 
sion, a vertical-selection switching device (e.g., a MOS 



transistor) 13 for selecting a pixel, and a read switching 
device (e.g., a MOS transistor) 12; a vertical scanning 
circuit 16 for outputting vertical scanning pulses 4>V 
[<t>V 1( ... <)>V m , ... <j>V m+k , ...] to vertical selection lines 15 

5 to which the control electrodes (so-called "gate elec- 
trodes") of the vertical-selection switching devices 1 3 for 
each row are commonly connected; vertical signal lines 
17 to which main electrodes of the read switching 
devices 12 for each column are commonly connected to 

10 each column; read pulse lines 18 connected to main 
electrodes of the vertical-selection switching devices 
13; horizontal switching devices (e.g., MOS transistors) 
20 whose main electrodes are connected to the vertical 
signal lines 17 and horizontal signal lines 19; a horizon- 

is tal scanning circuit 21 connected to the control elec- 
trodes (so-called "gate electrodes") of the horizontal 
switching devices 20 and the read pulse lines 18; and 
an amplifier 22 connected to the horizontal signal lines 
19. 

20 [0027] In each unit pixel 14, one main electrode of 
the read switching device 12 is connected to the photo- 
diode 1 1 , and another main electrode of the switching 
device 12 is connected to each vertical signal line 17. 
One main electrode of the vertical-selection switching 

25 device 13 is the control electrode (so-called "gate elec- 
trode") of the read switching device 12, while another 
main electrode of the switching device 13 is connected 
to each read pulse line 18, and the control electrode 
(so-called "gate electrode") is connected to each verti- 

30 cal selection line 1 5. 

[0028] From the horizontal scanning circuit 21 , hor- 
izontal scanning pulses $H [^H^ ... <(>H n , <|>H n+1 , ...] are 
supplied to the control electrodes (so-called "gate elec- 
trode") of the horizontal switching devices 20, and hori- 

35 zontal read pulses <|>H R foH R 1t ... <|>H R n , <|>H R n+1f ...] are 
supplied to the read pulse lines 18. 
[0029] The basic operation of the solid-state image- 
sensing device 10 is as follows. 
[0030] The vertical-selection switching device 13 

40 that receives vertical scanning pulse <|>V m from the verti- 
cal scanning circuit 1 6 and the read pulse $H R n from the 
horizontal scanning circuit 21 creates a pulse as the 
product of the pulses <t>V m and <|>H R n , and uses the prod- 
uct pulse to control the control electrode of the read 

45 switching device 12, whereby signal charge photoelec- 
trically converted by the photodiode 1 1 is read via the 
vertical signal line 17. 

[0031] The signal charge is led in a horizontal 
period of the picture to the horizontal signal line 19 via 

so the horizontal switching device 20 controlled by the hor- 
izontal scanning pulse <j>H n from the horizontal scanning 
circuit 21. The amplifier 22 converts the signal charge 
into a signal voltage, and outputs it. 
[0032] The construction of the unit pixel 14 is not 

55 limited to that described above, but may be variously 
modified, such as those shown in Figs. 2 and 3. 
[0033] In Fig. 2, a unit pixel 14 includes a photodi- 
ode 11 and a read MOS transistor 12 connected 
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thereto. One main electrode of the read MOS transistor 
12 is connected to a vertical signal line 17, and the gate 
electrode is connected to a vertical selection line 15. 
[0034] In Fig. 3, a unit pixel 14 includes a photodi- 
ode 11, a read MOS transistor 21, a floating diffusion 
(FD) amplifying MOS transistor 22, a FD reset MOS 
transistor 23, and a vertical-selection MOS transistor 
24. One main electrode of the read MOS transistor 21 is 
connected to the photodiode 1 1 , and another main elec- 
trode of the transistor 21 is connected to one main elec- 
trode of the FD reset MOS transistor 23. The FD 
amplifying MOS transistor 22 is connected between 
another main electrode of the FD reset MOS transistor 
23 and one main electrode of the vertical-selection 
MOS transistor 24. The gate electrode of the FD ampli- 
fying MOS transistor 22 is connected to a floating diffu- 
sion (FD) point at the midpoint of the read MOS 
transistor 21 and the FD reset MOS transistor 23. The 
gate electrode of the read MOS transistor 21 is con- 
nected to a vertical -read line 25. Another main elec- 
trode of the FD reset MOS transistor 23 is connected to 
a power supply VDD, and the gate electrode of the tran- 
sistor 23 is connected to a horizontal -reset line 28. 
Another main electrode of the vertical-selection MOS 
transistor 24 is connected to a vertical signal line 26, 
and the gate electrode of the transistor 24 is connected 
to a vertical selection line 27. 

[0035] Fig. 4 shows a modification of the sensor 1 1 
in the solid-state image-sensing device 10. 
[0036] A sensor (photodiode) 1 1 1 as the modifica- 
tion is formed by: forming a first semiconductor well 
region 32 of a first conductivity type, e.g., a p-type, on a 
silicon semiconductor substrate 31 of a second conduc- 
tivity type, e.g., an n-type; forming a high-resistance 
semiconductor region, e.g., a low-concentration n-type 
semiconductor region 33, on the first p-type semicon- 
ductor well region 32; forming a second p-type semicon- 
ductor region 35 leading to the first p-type 
semiconductor well region 32, beneath a device isola- 
tion layer (i.e., LOCOS layer) 34 resulting from local oxi- 
dation, which isolates the sensor 1 1 1 for each pixel; and 
forming a high-concentration n-type semiconductor 
region 36 on the surface of the low-concentration n-type 
semiconductor region 33 isolated by the device isolation 
layer 34 so that a pn-junction j is formed between the 
low-concentration n-type semiconductor region 33 and 
the first p-type semiconductor well region 32 and so that 
a depletion layer of the sensor part expands to the first 
p-type semiconductor well region 32 during operation. 
[0037] The first p-type semiconductor well region 
32 is formed at a predetermined depth of the substrate 
31, and the low-concentration n-type semiconductor 
region 33 is formed on the surface region of the sub- 
strate so as to be separated by the first p-type semicon- 
ductor well region 32. The high-concentration n-type 
semiconductor region 36 acts as a substantial charge- 
accumulating region. 

[0038] It is also possible to employ a sensor struc- 



ture in which a high-concentration p-type semiconduc- 
tor region 38 is formed at the interface between the 
high-concentration n-type semiconductor region 36 and 
an insulating film (e.g., Si0 2 film) 37. In the sensor 111, 

5 pn-junctions j are formed between the high-concentra- 
tion n-type semiconductor region 36 and the high-con- 
centration p-type semiconductor region 38 and between 
the low-concentration n-type semiconductor region 33 
and the second p-type semiconductor well region 35. 

io [0039] The second p-type semiconductor well 
region 35 can be simultaneously formed when, for 
example, a p-type semiconductor well of a CMOS tran- 
sistor in a peripheral circuit is formed. 
[0040] In the CMOS transistor, after a field insulat- 

15 ing layer (so-called "device isolation layer) 52 is formed 
by local oxidation, as shown in Figs. 13A to 13C, a p- 
type semiconductor well region 55 is formed (see Fig. 
13A) by performing ion implantation of a p-type impurity 
54 such as boron in one device forming region, using a 

20 photoresist layer 53 as a mask 

[0041] Next, gate electrodes 57 composed of, for 
example, polycrystal silicon, are formed on the p-type 
semiconductor well region 55 and the n-type semicon- 
ductor substrate 51 as another device forming region 

25 (see Fig. 13B), while providing gate insulating films 56 
therebetween. 

[0042] Next, by using each gate electrode 57 as a 
mask, and performing self-aligning, ion implantation of 
an n-type impurity is performed in the p-type semicon- 

30 ductor well region 55 to form an n-type source region 
58S and a drain region 58D so that an n-channel MOS 
transistor 59 is formed, and ion implantation of a p-type 
impurity is performed in the n-type semiconductor sub- 
strate 51 to form a p-type source region 615 and a drain 

35 region 61 D so that a p-channel MOS transistor 62 is 
formed, whereby a CMOS transistor is obtained. 
[0043] A process in which the p-type semiconductor 
well region 55 is formed after forming the field insulating 
layer 52 is called a "retrograde p-well process". 

40 [0044] The above-descrfoed second p-type semi- 
conductor well region 35 in Fig. 4 can be formed simul- 
taneously with the p-type semiconductor well region 55 
in Fig. 13. Thus, the sensor 1 1 1 , in which the expansion 
of a depletion layer described below is deepened to 

45 increase a photoelectric conversion efficiency, can be 
formed without increasing the number of producing 
steps. 

[0045] In addition, the second p-type semiconduc- 
tor well region 35 is formed after forming the device iso- 

50 lation layer 34. as shown in Fig. 4. Thus, the second p- 
type semiconductor well region 35 can be selectively 
formed beneath the device isolation layer 34 excluding 
the sensor-formed region without being affected by dif- 
fusion due to thermal processing performed during the 

55 formation of the device isolation layer. 

[0046] According to the solid-state image-sensing 
device 10 having the sensors 111 in this embodiment, 
by selectively forming, beneath only the device isolation 
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layer 34 excluding the sensor region, the second p-type 
semiconductor well region 35 leading to the first p-type 
semii luctor well region 32, and forming pn-junctions 
with a high-concentration n-type semiconductor 
region 36, the low-concentration n-type semiconductor 
region 33, and the first p-type semiconductor well region 
32, photodiodes, that is, sensors 111 are formed, 
whereby the expansion of the depletion layer in each 
sensor 1 1 1 is deepened during operation, and even sig- 
nal charge photoelectrical ly converted at a deep posi- 
tion can be accumulated in the high-concentration n- 
type semiconductor region 36 as a charge accumulating 
region. Therefore, the photoelectric conversion effi- 
ciency increases, making it possible to obtain a solid- 
state image-sensing device with higher sensitivity. 
[0047] Fig. 5 shows another embodiment of the 
sensor 11 (see Fig. 1) according to the present inven- 
tion. 

[0048] A sensor (photodiode) 112 according to this 
embodiment is intended to increase photoelectric con- 
version efficiency and to reduce a dark current due to 
leakage current. 

[0049] The sensor 112 is formed, similarly to the 
foregoing description, by: forming a first semiconductor 
well region 32 of a first conductivity type, e.g., a p-type, 
on a semiconductor substrate 31 of a second conductiv- 
ity type, e.g.. an n-type; forming a low-concentration n- 
type semiconductor region 33 on the first p-type semi- 
conductor well region 32; forming a high-concentration 
n-type semiconductor region 36 on the surface of the 
low-concentration n-type semiconductor region 33, in 
which pixel isolation is performed by a device isolation 
layer 34 resulting from local oxidation; and forming a pn- 
junction j between the low-concentration n-type semi- 
conductor region 33 and the first p-type semiconductor 
well region 32 so that a depletion layer of the sensor 
expands to the first p-type semiconductor well region 32 
during operation. 

[0050] In this embodiment, in particular, a second 
p-type semiconductor well region 351 leading to the first 
p-type semiconductor well region 32 is formed beneath 
the device isolation layer 34 for pixel isolation, and part 
351a of the second p-type semiconductor well region 
351 is simultaneously provided being extended 
between the n-type semiconductor region 36 and the 
device isolation layer 34, in which a substantial charge 
accumulating region of the sensor is formed therebe- 
tween. 

[0051] In other words, an end of the second p-type 
semiconductor well region 351 is formed so as to be 
positioned on the sensor side apart from an end of the 
device isolation layer 34, and an end of the n-type sem- 
iconductor region 36 as the charge accumulating region 
of the sensor 112 is provided so as to touch an 
extended portion of the second p-type semiconductor 
well region 351a. In the sensor 112, a pn-junctions j is 
also formed between each n-type semiconductor region 
33 or 36 and the extended portion of the p-type semi- 



conductor well region 351 a. 

[0052] Figs. 7 A to 7C show a method for producing 
thr- sensor 112. 

[0053] Initially, as shown in Fig. 7A, after forming a 

5 device isolation layer 34 used for local oxidation on the 
surface of an n-type semiconductor substrate 31 , a pre- 
determined pattern photoresist layer 41 in which a pho- 
toresist end 41a is positioned on the sensor side (in the 
active region of a photodiode) apart from an end of the 

10 device isolation layer 34 is formed so as to cover a 
region for forming the sensor part of the substrate 31. 
The photoresist layer 41 is used as a mask to perform 
ion implantation of a p-type impurity 42, whereby a sec- 
ond p-type semiconductor well region 351 is formed. 

15 The second p-type semiconductor well region 351 is 
formed so that an end thereof, namely, an end of the 
extended portion 351a is positioned on the side for 
forming the sensor part, which is apart from an end of 
the device isolation layer 34. 

20 [0054] Next, as shown in Fig. 7B, after removing the 
photoresist layer 43, by performing ion implantation of a 
p-type impurity 43 in the entire region for forming the 
sensor part, which includes the part beneath the device 
isolation layer 34, a first p-type semiconductor well 

25 region 32 touching the lower part of the second p-type 
semiconductor well region 351 is formed at a predeter- 
mined depth of the substrate 31 . By forming the first p- 
type semiconductor well region 32, a low-concentration 
n-type semiconductor region 33 including an isolated 

30 portion of the substrate 31 is formed in a region sur- 
rounded by the first p-type semiconductor well region 32 
and the second p-type semiconductor well region 351 . 
[0055] Next, as shown in Fig. 7C, by forming a pho- 
toresist layer 44 in a part excluding the sensor forming 

35 region, and performing ion implantation of an n-type 
impurity 45, a high-concentration n-type semiconductor 
region 36 to be used as a charge accumulating region is 
formed on the surface of the low-concentration n-type 
semiconductor region 33. This forms pn-junctions j 

40 between the n-type semiconductor region 33 and the 
first semiconductor well region 32, and between each n- 
type semiconductor region 36 or 33 and the extended 
portion 351a of the second p-type semiconductor well 
region, whereby the desired photodiode, namely, the 

45 sensor 1 1 2 is formed . 

[0056] The impurity concentrations of the regions 
are as follows: 

second semiconductor well region 351 > n-type 
so semiconductor region 36; and 

n-type semiconductor region 36 > n-type semicon- 
ductor region 33. 

[0057] According to a solid-state image-sensing 
55 device provided with the above-described sensor 112, 
by forming the second p-type semiconductor well region 
(so-called "channel stop region") 351 so as to be 
extended to the sensor side than to the end of the 
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device isolation layer 34, the pn-junctions of the photo- 
diode forming the sensor 112 can be isolated from an 
end of the device isolation layer 34 having crystal 
defects such as dislocation, in other words, from a sem- 
iconductor region in the vicinity of the device isolation 
layer 34, whereby, when the pn-junctions are reverse 
biased, the depletion layer can be generated apart from 
the end of the device isolation layer 34. 
[0058] Accordingly, the generation of a leakage cur- 
rent in the vicinity of the device isolation layer 34 is sup- 
pressed, and the dark current decreases. 
[0059] Similarly to Fig. 4, in the sensor 112, the 
regions 36 and 33 form one n-type semiconductor 
region constituting the photodiode in connection with 
the second semiconductor well region 351 , so that the 
expansion of the depletion layer is deepened and the 
photoelectric conversion efficiency can be increased. 
[0060] According to the producing method shown in 
Figs. 7A to 7C, ion implantation is used to form the sec- 
ond p-type semiconductor well region 351 after forming 
the device isolation layer 34. Thus, there is no influence 
of thermal processing in the formation of the device iso- 
lation layer 34. In other words, the second p-type semi- 
conductor well region 351 can be formed with positional 
precision without being re-diffused. 
[0061] Also when forming the second p-type semi- 
conductor well region 351 having the extended portion 
351a on the sensor side apart from the end of the 
device isolation layer 34, its alignment with the device 
isolation layer 34 is facilitated. Accordingly, the second 
p-type semiconductor well region 351 can be easily and 
accurately formed. In addition, in this embodiment, the 
second p-type semiconductor well region 351 can be 
simultaneously formed, together with the p-type well 
region 55 in the production of the peripheral circuit's 
CMOS transistor shown in the above-described Figs. 
13A to 13C. Thus, there is no increase in the number of 
production steps. 

[0062] Fig. 6 shows another embodiment of the 
sensor 11 (see Fig. 1) according to the present inven- 
tion. 

[0063] A sensor (photodiode) 1 13 according to this 
embodiment is formed such that, in the above- 
described sensor structure shown in Fig. 5, a high-con- 
centration p-type semiconductor region 38 is formed 
between an n-type semiconductor region 36 to be used 
as a charge accumulating region and a top insulating 
film 37 so as to touch a second p-type semiconductor 
well region 351. Other components are identical to 
those in Fig. 5. Accordingly, the corresponding compo- 
nents are denoted by identical reference numerals, and 
repeated descriptions are omitted. 
[0064] The sensor 1 13 can be produced such that, 
after using ion implantation to form the n-type semicon- 
ductor region 36 shown in Fig. 7C, a p-type semicon- 
ductor region 38 is formed on the surface of the n-type 
semiconductor region 36 by performing ion implantation 
of a p-type impurity 46, as shown in Fig. 7D. 



[0065] According to a solid-state image-sensing 
device provided with the sensor 113 according to this 
embodiment, by employing a structure having a p-type 
semiconductor region 38 on the surface of the n-type 

5 semiconductor region 36, all pn-junctions other than 
that in the gate of a read MOS transistor (not shown) 
can be provided in the bulk. In other words, in the sen- 
sor 1 13, in addition to effects in the sensor 1 12 in Fig. 5, 
the dark current can be more reduced because the 

io depletion layer is positioned apart from an interface with 
the sensor top insulating film 37, i.e., an Si-Si0 2 inter- 
face. 

[0066] Fig. 8 shows another embodiment of the 
sensor 11 (see Fig. 1) according to the present inven- 
15 tion. 

[0067] A sensor (photodiode) 1 14 according to this 
embodiment is formed, similarly to the foregoing 
description, by: forming a first semiconductor well 
region 32 of a first conductivity type, e.g., a p-type, on a 

20 semiconductor substrate 31 of a second conductivity 
type, e.g., an n-type; forming a low-concentration n-type 
semiconductor region 33 on the first p-type semicon- 
ductor well region 32; forming a high -concentration n- 
type semiconductor region 36 on the surface of the low- 

25 concentration n-type semiconductor region 33, in which 
pixel isolation is performed by a device isolation layer 34 
resulting from local oxidation; and forming a pn-junction 
j between the low-concentration n-type semiconductor 
region 33 and the first p-type semiconductor well region 

30 32 so that a depletion layer of the sensor expands to the 
first p-type semiconductor well region 32 during opera- 
tion. 

[0068] In this embodiment, in particular, a second 
p-type semiconductor well region 352 that has an end 

35 352a at an inner position than an end of the device iso- 
lation layer 34 and that leads to a first p-type semicon- 
ductor well region 32 is formed beneath a device 
isolation layer 34 for pixel isolation, and a p-type semi- 
conductor region, i.e., a so-called "p-type plug region 

40 39" is formed between an end of the device isolation 
layer 34 and an n-type semiconductor region 36 to be 
used as a charge accumulating region. The p-type plug 
region 39 is formed so as to be connected to the second 
p-type semiconductor well region 352. 

45 [0069] In addition, in Fig. 8, a high-concentration p- 
type semiconductor region 38 is formed on the surface 
of the n-type semiconductor region 36 so as to partially 
touch the p-type plug region 39. In the sensor 1 14, pn- 
junctions j are formed among each n-type semiconduc- 

so tor region 36 or 33, the p-type semiconductor region 38, 
the second p-type semiconductor well region 352, and 
the p-type plug region 39. 

[0070] Figs. 9A to 9E show a method for producing 
the sensor 114. 
55 [0071] Initially, as shown in Fig. 9A, after forming, 
on the surface of an n-type semiconductor substrate 31 , 
a device isolation layer 34 resulting from local oxidation, 
a predetermined pattern photoresist layer 64 that cov- 
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ers a region for forming a sensor and that has an end 
64a on the device isolation layer 34 is formed, and the 
photoresist layer 64 is used as a mask to perform ion 
implantation of a p-type impurity 42, whereby a second 
p-type semiconductor well region 352. The second p- 
type semiconductor well region 352 is formed so that its 
end 352a is positioned to be inner than the end of the 
device isolation layer 34. The second p-type semicon- 
ductor well region 352 is simultaneously formed in a 
process where the p-type semiconductor well region 55 
in the peripheral circuit's CMOS transistor is formed as 
described above. 

[0072] Next, as shown in Fig. 9B, after removing the 
photoresist layer 64, a first p-type semiconductor well 
region 32 touching the lower part of the second p-type 
semiconductor well region 352 is formed at a predeter- 
mined depth of the substrate 31 by performing ion 
implantation of a p-type impurity on the entire region for 
forming the sensor part, which includes the lower part of 
the device isolation layer 34. By forming the first p-type 
semiconductor well region 32, a low-concentration n- 
type semiconductor region 33 including an isolated por- 
tion of the substrate 31 is formed in a region surrounded 
by the first p-type semiconductor well region 32 and the 
second p-type semiconductor well region 352. 
[0073] Next, as shown in Fig. 9C. a predetermined 
pattern photoresist layer 65 that covers the region for 
forming the sensor part and that has an end 65a is posi- 
tioned on the sensor side (in the active region of a pho- 
todiode) apart from the end of the device isolation layer 
34 is formed. By masking the photoresist layer 65, and 
performing ion implantation of a p-type impurity 66, a p- 
type plug region 39 is formed. The p-type plug region 39 
is formed so that an end thereof is positioned on the 
sensor part forming region apart from the end of the 
device isolation layer 34. In other words, it is formed so 
as to extend from the end of the device isolation layer 
34. 

[0074] Next, as shown in Fig. 9D, by forming pho- 
toresist layer 44 on a part other than the sensor part 
forming region, and performing ion implantation of an n- 
type impurity, a high-concentration n-type semiconduc- 
tor region 36 to be used as a charge accumulating 
region is formed on the surface of the low-concentration 
n-type semiconductor region 33. 
[0075] Subsequently, as shown in Fig. 9E, by per- 
forming ion implantation of a p-type impurity 46, a high- 
concentration p-type semiconductor region 38 is formed 
on the surface of the n-type semiconductor region 36 so 
as to touch the p-type plug region 39. With the above- 
described process, the desired photodiode, in which 
main pn-j unctions are formed by each n-type semicon- 
ductor region 36 or 33 and the first p-type semiconduc- 
tor well region 32. in other words, the sensor 114 is 
obtained. 

[0076] In this construction, the impurity concentra- 
tions of the regions are as follows: 



p-type semiconductor region 38 > n-type semicon- 
ductor region 36; 

p-type semiconductor well region 352 > n-type 
semiconductor region 33; and 
5 p-type plug region 39 > n-type semiconductor 

region 36. 

[0077] According to a solid-state image-sensing 
device provided with the sensor 114 according to this 

10 embodiment, by forming the p-type plug region (used as 
a channel stop region) 39 between the end of the device 
isolation layer 34 resulting from local oxidation and the 
n-type semiconductor region 36 to be used as the 
charge accumulating region of the sensor 114, pn-junc- 

15 tions of the photodiode forming the sensor 114 can be 
isolated from the end of the device isolation layer 34 
which has crystal defects such as dislocation, i.e., the 
semiconductor region in the vicinity of the end of the 
device isolation layer 34, whereby, when the pn-junc- 

20 tions are reverse biased, the depletion layer can be gen- 
erated at a position apart from the device isolation layer 
34. Accordingly, the generation of a leakage current in 
the vicinity of the end of the device isolation layer 34 can 
be suppressed, and a dark current can be reduced. 

25 Simultaneously, the expansion of the depletion layer is 
deepened as described above, whereby the photoelec- 
tric conversion efficiency can be increased. 
[0078] In addition, when a structure is employed in 
which the second p-type semiconductor well region 352 

30 is formed to be inner than the device isolation layer 34 
and in which the p-type plug region 39 is formed 
between the end of the device isolation layer 34 and the 
n-type semiconductor region 36 of the sensor 114, the 
distance between the gate end of the read MOS transis- 

35 tor and the end of the p-type plug region 39 can be more 
accurately set. 

[0079] In other words, the sensor structure in Fig. 8 
and the sensor structure in Fig. 6 are compared. 
[0080] When it is assumed that each of the sec- 

40 tional structure of the sensor 114 in Fig. 8 and the sec- 
tional structure of the sensor 113 in Fig. 6 is the 
sectional structure on line VI, VIII -VI, VI 1 1 of a plan view 
showing a main part of an image capturing region in Fig. 
10A, the sectional structure on line Xli,XIII-XII,Xlli 

45 crossing a gate electrode 71 of a read MOS transistor in 
Fig. 11 is as shown in Fig. 1 1 for the sensor 114, and is 
as shown in Fig. 12 for the sensor 113. Fig. 10B, is an 
equivalent circuit of the unit pixel in Fig. 10A. In the plan 
view in Fig. 10A, there are a hatched part indicating the 

so device isolation layer 34 resulting from local oxidation 
and an end 34a of the device isolation layer. The 
inversely hatched part indicates the extended portion 
351a of the second p-type semiconductor well region 
351 or the p-type plug region 39. A read MOS transistor 

55 12 has an L-shaped read gate electrode 71. A vertical- 
selection MOS transistor 13 has a gate electrode con- 
nected to a vertical selecting line 15. A vertical signal 
line 17 and one source-drain region 73 constituting the 
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read MOS transistor 12 are connected by a contact por- 
tion 171, and the gate electrode 71 is connected to one 
source-drain region of the vertical selecting MOS tran- 
sistor 13 via a wire (e.g., A1 wire), which is not shown, 
and contact portions 172 and 1 73. Another source-drain 
region of the vertical selecting MOS transistor 13 is con- 
nected to a pulse line 18 via a contact portion 1 74. 
[0081 ] In the sectional structures in Figs. 1 1 and 1 2, 
a low-concentration p-type impurity is doped into a 
channel region 72 beneath a gate electrode 71 consti- 
tuting the read MOS transistor 12. Each structure 
includes a gate insulating film 77 composed of Si0 2 , 
etc., and sidewails 74 composed of Si0 2 , etc. 
[0082] In the case of the structure of the sensor 
112, an ion implantation process in which no shape is 
left, in other words, a process of ion implantation in the 
second p-type semiconductor well region 351 , is per- 
formed earlier, as shown in Fig. 12. Thus, the second p- 
type semiconductor well region 351 and the gate elec- 
trode 71 are respectively formed with the second p-type 
semiconductor well region 351 aligned with the device 
isolation layer 34, and the gate electrode 71 aligned with 
the device isolation layer 34. Accordingly, the second p- 
type semiconductor well region 351 and the gate elec- 
trode 71 cannot be directly aligned with each other. 
[0083] In other words, as shown in Fig. 12, align- 
ment in the formation of the second p-type semiconduc- 
tor well region 351 and the gate electrode 71 is 
performed using, as a reference point p, an end of the 
device isolation layer 34 left as a shape. Thus, varia- 
tions occur in respective distances 6, and d 2 , and the 
precision of the distance between the gate electrode 
71 and the second p-type semiconductor well region 
351, which requires precision, decreases, so that char- 
acteristic variation between lots may increase. 
[0084] Conversely, in the case of the sensor 1 1 4, as 
shown in Fig. 1 1 , after forming a read gate electrode 71 , 
a p-type plug region 39 is formed by performing ion 
implantation, while using an end of the gate electrode 
71 as a reference. Thus, alignment precision between 
the gate electrode 71 and the p-type plug region 39 is 
increased to increase the precision of the distance D 2 
between the gate electrode 71 and the p-type plug 
region 39. This can expand the opening area of the sen- 
sor part, reducing the alignment margin. Also, variation 
between lots can be reduced. 

[0085] In the structure of the sensor 1 1 4 in Figs. 8 
and 11, the dark current is intended to be further 
reduced by forming the p-type semiconductor region 38 
on the surface of the n-type semiconductor region 36, 
and providing, in the bulk, all pn-junctions in portions 
excluding the gate end. Otherwise, a structure in which 
the p-type semiconductor region 38 is omitted can be 
employed. 

[0086] Fig. 14 shows still another embodiment of 
the sensor 11 (see Fig. 1) according to the present 
invention. 

[0087] A sensor 1 15 is formed by: forming a device 



isolation layer 34 resutting from local oxidation after 
forming a p-type semiconductor well region 31 of a first 
conductivity type, e.g., a p-type, on a semiconductor 
substrate of a second conductivity type, e.g., an n-type; 

5 forming, in the device isolation region, an n-type semi- 
conductor region 82 to be used as a charge accumulat- 
ing region; forming a pn-junction between the n-type 
semiconductor region 82 and the p-type semiconductor 
well region 81 so that a photodiode is formed; and form- 

70 ing a p-type plug region 39 between the n-type semi- 
conductor region 82 and an end of the device isolation 
layer 34. 

[0088] The sensor 1 1 5 has a structure in which the 
p-type plug region 39 is added to the structure in Fig. 

75 15. 

[0089] Also in a solid-state image-sensing device 
provided with the above-described sensor 1 15, by form- 
ing the p-type plug region 39 between the n-type semi- 
conductor region 82 and the device isolation layer 34, 
20 the leakage current at the end of the device isolation 
layer 34 can be suppressed, and the dark current can 
be reduced. 

[0090] Each of the above-described embodiments 
describes a case in which the insulating layer resulting 

25 from local oxidation is used as a device isolation layer 
for a solid-state image-sensing device. 
[0091] The present invention may be applied to a 
solid-state image-sensing device using, as its device 
isolation layer, a device isolation layer resulting from 

30 trench isolation, so-called "STI (shallow trench isola- 
tion)". Trench device isolation enables micro-fabrication 
and high integration of pixels, compared with device iso- 
lation resulting from local oxidation. 
[0092] Next, using Figs. 15 to 17, an embodiment 

35 applied to a solid-state image-sensing device using 
trench device isolation is described. 
[0093] Fig. 15 shows another embodiment of the 
sensor 11 in the above-described solid-state image- 
sensing device 10. 

40 [0094] A sensor (photodiode) 116 is formed by 
forming, in a semiconductor substrate 31 of a second 
conductivity type, e.g., an n-type, a trench device isola- 
tion layer 93 composed of a trench 91 for pixel isolation 
and an insulating layer 92 such as Si0 2 , which is 

45 embedded in the trench 91, and sequentially forming, 
as described above, a first p-type semiconductor well 
region 32, a low-concentration n-type semiconductor 
region 33 thereon, an n-type semiconductor region 36 
thereon to be used as a charge accumulating region, 

so and a high-concentration p-type semiconductor region 
38 between the surface of the region 36 and an insulat- 
ing film 37, in a pixel region on the n-type semiconduc- 
tor substrate 31. 

[0095] In this embodiment, in particular, a second 
55 p-type semiconductor well region 94 leading to the first 
p-type semiconductor well region 32 is formed exclud- 
ing the side of the sensor 116, and a portion of the sec- 
ond p-type semiconductor well region 94 is extended 
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projecting on the pixel region side of the sensor 1 16 so 
as to surround the interfaces of the trench 91 of the 
trench device isolation region 93 for pixel isolation. 
[0096] In this embodiment, the trench 91 is formed 
at approximately a depth reaching the low-concentra- 
tion n-type semiconductor well region 33. The first p- 
type semiconductor well region 32 is formed so as to 
end at a portion corresponding to the bottom of the 
trench device isolation layer 93 in the second p-type 
semiconductor well region 94. The second p-type semi- 
conductor well region 94 is formed so that each portion 
is at a uniform depth, with the trench 93 formed. 
[0097] Fig. 16 shows another embodiment of the 
s isor 11 (see Fig. 1) according to the present inven- 
tion. 

[0098] A sensor (photodiode) 1 1 7 according to this 
embodiment is similarly formed as described above by 
forming, in a semiconductor substrate 31 of a second 
conductivity type, e.g., an n-type, a trench device isola- 
tion iayer 93 composed of a trench 91 for pixel isolation 
and an insulating layer 92 such as Si0 2 , which is 
embedded in the trench 91, and sequentially forming a 
first p-type semiconductor well region 32, a low-concen- 
tration n-type semiconductor region 33 thereon, an n- 
type semiconductor region 36 thereon to be used as a 
charge accumulating region, and a high-concentration 
p-type semiconductor region 38 between the surface of 
the region 36 and an insulating film 37, in a pixel region 
on the n-type semiconductor substrate 31 . 
[0099] In this embodiment, in particular, a second 
p-type semiconductor well region 94 leading to the first 
p-type semiconductor well region 32 is formed exclud- 
ing the side of the sensor 116, and a portion of the sec- 
ond p-type semiconductor well region 94 is extended 
projecting on the pixel region side of the sensor 1 1 7 so 
as to surround the interfaces of the trench 91 of the 
trench device isolation layer 93. 
[01 00] In this embodiment, the first p-type semicon- 
ductor well region 32 is formed overall, and the trench 
91 of the trench device isolation layer 93 is formed so as 
to lead to the first p-type semiconductor well region 32. 
Concerning the trench 91 , its bottom and side are sur- 
rounded by the first and second p-type semiconductor 
well regions 32 and 94. 

[0101] Fig. 17 shows another embodiment of the 
sensor 1 1 (see Fig. 1) according to the present inven- 
tion. 

[0102] A sensor (photodiode) 1 18 according to this 
embodiment is similarly formed as described above by: 
forming, in a semiconductor substrate 31 of a second 
conductivity type, e.g., an n-type, a trench device isola- 
tion layer 93 composed of a trench 91 for pixel isolation 
and an insulating layer 92 such as Si0 2 , which is 
embedded in the trench 91 ; forming a high-concentra- 
tion p-type plug region 95 at the interfaces of the trench 
91 ; and sequentially forming a first p-type semiconduc- 
tor well region 32, a low-concentration n-type semicon- 
ductor region 33 thereon, an n-type semiconductor 



region 36 thereon to be used as a charge accumulating 
region, and a high-concentration p-type semiconductor 
region 38 between the surface of the region 36 and an 
insulating film 37, in a pixel region on the n-type semi- 

5 conductor substrate 31. The high-concentration p-type 
plug region 95 covers all the trench's interfaces between 
the insulating layer 92 and silicon (Si). 
[0103] In this embodiment, in particular, a second 
p-type semiconductor well region 94 leading to the first 

10 p-type semiconductor well region 32 is formed exclud- 
ing the side of the sensor 118, and a portion of the sec- 
ond p-type semiconductor well region 94 is extended 
projecting on the pixel region side of the sensor 1 17 so 
as to surround the interfaces of the trench 91 of the 

is trench device isolation layer 93. 

[0104] In this embodiment, the trench 91 is formed 
leading to the n-type semiconductor substrate 31, and 
the first p-type semiconductor well region 32 is formed 
overall. The trench 91 has a side overall surrounded by 

20 the first and second p-type semiconductor well regions 
32 and 94. 

[0105] Figs. 18A to 20C show producing methods 
for realizing the above-described sensors 1 16, 1 1 7, and 
118. 

25 [0106] The production example in Figs. 18A and 
18B is described below. 

[0107] Initially, as shown in Fig. 18A, an insulating 
film 37 composed of, for example, Si0 2 is formed on an 
n-type semiconductor substrate 31, and a trench 91 for 

30 trench isolation is formed on the semiconductor sub- 
strate 31, together with the insulating film 37. Next, an 
active region isolated at distance d 1 from an edge of the 
trench 91, in other words, a resist mask 97, is formed, 
and by performing ion implantation of a p-type impurity 

35 via the resist mask 97, a second p-type semiconductor 
well region 94 is formed on the semiconductor substrate 
31 so as to project into the pixel region side. 
[01 08] At this time, the second p-type semiconduc- 
tor well region 94 is formed around the sides and bottom 

40 of the trench 91 so as to have sufficient width and depth. 
[0109] Next, as shown in Fig. 18B, by using chemi- 
cal vapor deposition (CVD) to embed an insulating film, 
for example, an Si0 2 film 92, in the trench 91, and 
planarize it a trench device isolation layer 93 consisting 

45 of the trench 91 and the embedded insulating film 92 is 
formed. 

[0110] After that, excluding the pixel region, a resist 
mask 99 is formed so that an end thereof is positioned 
on the trench device isolation layer 93. By performing 

so selective ion implantation of p-type and n-type impuri- 
ties into the pixel region via the resist mask 99, a first p- 
type semiconductor well region 32 connected to a sec- 
ond p-type semiconductor well region 94 is formed at a 
deep position of the substrate 31, an n-type semicon- 

55 ductor well region 36 to be used as a charge accumulat- 
ing region is formed on the surface of the substrate 31 , 
and a high-concentration p-type semiconductor region 
38 is formed at the interface between the n-type semi- 
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conductor region 36 and the insulating film 37 so as to 
be connected to the second p-type semiconductor well 
region 94. 

[0111] A portion of the substrate 31 between the 
top n-type semiconductor region 36 and the p-type sem- 
iconductor well region 32 is used as a low-concentration 
n-type semiconductor region 33. 
[01 1 2] Ion implantation for the first p-type semicon- 
ductor well region 32, the n-type semiconductor region 
36, and the high-concentration p-type semiconductor 
region 38 is shown by one illustration. However, it may 
be different processes for convenience of forming other 
portions. 

[0113] With this process, the desired sensor is 
formed. This sensor is formed as a so-called "hole accu- 
mulation diode (HAD)" sensor by the high-concentration 
p-type semiconductor region 38, the n-type semicon- 
ductor regions 36 and 33, and the first p-type semicon- 
ductor well region 32. 

[0114] The production example in Figs. 19A to 19C 
is descrfoed. 

[0115] At first, as shown in Fig. 19A, an insulating 
film 37 composed of, for example, Si0 2 , is formed on 
the surface of the n-type semiconductor region 31 . and 
a trench 91 for trench isolation is formed in the semicon- 
ductor region 31 , together with the insulating film 37. 
[0116] Next, excluding the trench 91 and a portion 
isolated by predetermined distance d 2 from ends of the 
trench 91 , a resist mask 1 01 is formed on the entire sur- 
face of the other portions. By performing ion implanta- 
tion of a p-type impurity via the resist mask 101 , a high- 
concentration p-type semiconductor layer for connect- 
ing a first p-type semiconductor well region 32 and a 
second, p-type semiconductor well region 32, in other 
words, a so-called "p-type semiconductor plug layer" 
95, is formed. 

[0117] The p-type semiconductor plug layer 95 is 
formed around the sides and bottom of the trench 91 so 
as to cover the trench 91 . 

[0118] Next, as shown in Fig. 19B, by using chemi- 
cal vapor deposition (CVD) to embed an insulating film, 
for example, an Si0 2 film 92 in the trench 91, and 
planarizing it, a trench device isolation layer 93 consist- 
ing of the trench 91 and the embedded insulating film 92 
is formed. 

[0119] Subsequently, a resist mask 103 is formed 
so that an end thereof is positioned on the trench device 
isolation layer 93, excluding the pixel region. By per- 
forming selective ion implantation of p-type and n-type 
impurities via the resist mask 103, a first p-type semi- 
conductor well region 32 connected to the p-type plug 
region 95 is formed at a deep position of the substrate 
31, a n-type semiconductor region 36 to be used as a 
charge accumulating region is formed on the surface of 
the substrate 31 . and a high-concentration p-type semi- 
conductor region 38 connected to the p-type plug region 
95 is formed at the interface of the n-type semiconduc- 
tor region 36 with the insulating film 37. 



[0120] A portion of the substrate 31 between the 
top n-type semiconductor region 36 and the p-type sem- 
iconductor well region 32 is used as a low-concentration 
n-type semiconductor region 33. 

5 [01 21 ] Ion implantation for the first p-type semicon- 
ductor well region 32, the n-type semiconductor region 
36, and the high-concentration p-type semiconductor 
region 38 is shown by one illustration. However, it may 
be different processes for convenience of forming other 

10 portions. 

[0122] Next, as shown in Fig. 19C, a resist mask 
104 is formed in the pixel region so as to be isolated by 
predetermined distance d-j across the p-type plug 
region 95 from an end of the trench 91 of the trench 

15 device isolation layer 93. By performing ion implantation 
of a p-type impurity via the resist mask 1 04, a second p- 
type semiconductor well region 94 is formed so that part 
thereof extends from the trench device isolation layer 93 
to the pixel region. 

20 [0123] The first p-type semiconductor well region 
32 and the second p-type semiconductor well region 94 
are connected by the p-type plug region 95. 
[0124] With this process, the desired sensor is 
formed. 

25 [01 25] The production example in Figs. 20A to 20C 
is described. 

[0126] At first, as shown in Fig. 20A, an insulating 
film 37 composed of, for example, Si0 2 . etc.. is formed 
on the surface of an n-type semiconductor substrate 31 , 

30 and a trench 92 for trench isolation is formed on the 
semiconductor substrate 31 , together with the insulating 
film 37. Next, by using chemical vapor deposition (CVD) 
to embed an insulating film, for example, an Si0 2 film 92 
in the trench 91, and planarizing it, a trench device iso- 

35 lation layer 93 consisting of the trench 91 and the 
embedded insulating film 92 is formed. 
[01 27] Subsequently, excluding the pixel region iso- 
lated by the trench device isolation layer 93, a resist 
mask 105 is formed. By performing selective ion implan- 

40 tation via the resist mask 105, an n-type semiconductor 
region 38 to be used as a charge accumulating region is 
formed on the surface of the substrate 31 , and a high- 
concentration p-type semiconductor region 38 is formed 
on the surface of the p-type semiconductor region 38. 

45\ [0128] Although ion implantation for the n-type 
semiconductor region 36 and the high-concentration p- 
type semiconductor region 38 is shown by one illustra- 
tion, it may be different processes for convenience of 
forming the other portions. 

so [0129] Next, as shown in Fig. 20B, a resist mask 
106 is formed in the pixel region so as to be isolated by 
distance d n from an end of the trench 91 of the trench 
device isolation layer 93. By performing ton implantation 
of a p-type impurity via the resist mask 1 06, a second p- 

55 type semiconductor well region 94 is formed so that part 
thereof extends from the trench device isolation layer 93 
to the pixel region. 

[0130] Next, as shown in Fig. 20C, by performing 
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overall ion implantation of a p-type impurity, a first p- 
type semiconductor well region 32 connected to the bot- 
tom of the second p-type semiconductor well region 94 
is formed at a deep position of the substrate 31 . A por- 
tion of the substrate 31 between the top n-type semi- 
conductor region 36 and the first p-type semiconductor 
well region 32 is used as a low-concentration n-type 
semiconductor region 33. 

[0131] With this process, the desired sensor is 
formed. 

[0132] The above<lescribed sensor 116 in Fig. 15 
can be produced in accordance with, for example, the 
production example in Figs. 19A and 19B and the pro- 
duction example in Figs. 20A to 20C. In other words, 
when the bottom of the second p-type semiconductor 
well region 94 is shallower than the first p-type semicon- 
ductor well region 32, and a portion therebetween is an 
n* semiconductor region 33, production can be enabled 
by employing ion implantation in Figs. 19A and 19B in 
order to connect the first and second p-type semicon- 
ductor regions 32 and 94, and by employing plug ion 
implantation in Figs. 20A to 20C. 
[0133] The above-described sensor 117 in Fig. 16 
can be produced in accordance with, for example, the 
production example in Figs. 20A to 20C. 
[0134] The above<Jescribed sensor 118 in Fig. 18 
can be produced in accordance with, for example, the 
production example in Figs. 19A to 19C. 
[0135] According to a solid-state image-sensing 
device provided with the above<Jescribed sensors 116, 
1 1 7, and 1 1 8, the p-type semiconductor region 94 or the 
p-type semiconductor regions 94 and 95 are formed so 
as to extend from the trench device isolation layer 93 to 
the n-type semiconductor regions 33 and 36 of the sen- 
sor. In other words, the semiconductor interface with the 
trench device isolation layer 93 isolating the sensor 116, 
117, or 118, is surrounded by a p-type semiconductor 
region, for example, the second p-type semiconductor 
well region 94, the first and second semiconductor well 
regions 32 and 94, or the p-type plug region 95 and the 
second p-type semiconductor well region 94, etc. 
[0136] In the semiconductor interface with the 
trench device isolation layer 93, there are crystal 
defects such as dislocation. This interface having crys- 
tal defects is incorporated into a p-type semiconductor 
region of a conductivity type opposite to the conductivity 
type of the n-type semiconductor region 36 as a charge 
accumulating region of the sensor. 
[0137] With this construction, the photodiode's pn- 
junction forming the sensor 1 16, 1 17, or 1 18 can be iso- 
lated from the interface of the trench device isolation 
layer 93 having crystal defects such as dislocation, and 
when the pn-junction is reverse biased, depletion in the 
interface of the trench device isolation layer 93 and its 
vicinity can be prevented. 

[0138] Therefore, the generation of leakage current 
from the interface and its vicinity can be suppressed, 
and dark current can be reduced. 



[0139] When the sensor part is formed as a HAD 
sensor in which the p-type semiconductor region 38 is 
formed on the surface of the n-type semiconductor 
region, all pn-junctions are provided in the bulk, exclud- 
s ing those in the gate end, so that the dark current can 
be further reduced. 

[0140] In the foregoing embodiments, cases in 
which the present invention is applied to a CMOS solid- 
state image-sensing device. However, the present 
w invention may be applied to a MOS solid-state image- 
sensing device. 

Claims 

is 1 . A solid-state image-sensing device having pn-junc- 
tion sensor parts isolated corresponding to pixels 
by a device isolation layer, said solid-state image- 
sensing device comprising 

20 a first-conductivity-type second semiconductor 

well region formed between a first-conductivity- 
type first semiconductor well region and said 
device isolation layer, 

wherein, when the device is operating, a deple- 
25 tion layer of each sensor part spreads to the 

first semiconductor well region, which is 
beneath each of said sensor parts. 

2. A solid-state image-sensing device according to 
30 Claim 1 , wherein the second semiconductor well 

region is simultaneously formed with the semicon- 
ductor well regions formed after the formation of 
said device isolation layer in a complementary- 
metal-oxide-semiconductor transistor. 

35 

3. A solid-state image-sensing device having pn-junc- 
tion sensor parts isolated corresponding to pixels 
by a device isolation layer resulting from local oxi- 
dation, said solid-state image-sensing device com- 

40 prising a semiconductor region of a conductivity 
type opposite to the conductivity type of a charge 
accumulating region of each of the sensor parts, 
the semiconductor region formed between the 
charge accumulating region of each sensor part 

45 and said device isolation layer. 

4. A solid-state image-sensing device according to 
Claim 3, further comprising 

50 a second semiconductor well region formed 

between said device isolation layer and a first 
semiconductor well region beneath said device 
isolation layer, 

wherein, when the device is operating, the 
55 depletion layer of each of said sensor parts 

spreads to said first semiconductor well region, 
which is beneath each of said sensor parts. 
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electrode of a read transistor connected to 
each of the sensor parts; and 
forming, by performing ion implantation, a sem- 
iconductor region of a conductivity type oppo- 

s site to the conductivity type of the charge 

accumulating region of each of the sensor 
parts so that an end of the semiconductor 
region is positioned at the side of the sensor 
parts except for an end of the device isolation 

10 layer, with the gate electrode being used as a 

reference position. 



5. A solid-state image-sensing device according to 
Claim 3, wherein the semiconductor region is 
formed by extending a portion of a second semi- 
conductor well region formed between said device 
isolation layer and a first semiconductor well region 
beneath said device isolation layer. 

6. A solid-state image-sensing device including pn- 
junction sensor parts isolated corresponding to pix- 
els by a device isolation layer resulting from trench 
isolation, said solid-state image-sensing device 
comprising 

a semiconductor region of a conductivity type 



1 2. A method for producing a solid-state image-sensing 
device, comprising the step of forming a semicon- 
ductor region of a conductivity type opposite to the 
conductivity type of a charge accumulating region 
in each of pn -junction sensor parts so as to sur- 
round a device isolation layer resulting from trench 
isolation, said device isolation layer isolating said 
pn-junction sensor parts corresponding to pixels. 

1 3. A method for producing a solid-state image-sensing 
device, comprising the step of forming, after form- 
ing, on a semiconductor substrate, trenches for iso- 
lating pn-junction sensor parts corresponding to 
pixels, and after forming a semiconductor region of 
a conductivity type opposite to the conductivity type 
of a charge accumulating region of each of the sen- 
sor parts so as to surround each trench, a device 
isolation layer by embedding an insulating material 
in each trench. 



opposite to the conductivity type of the charge is 
accumulating region of each of said sensor 
parts, said semiconductor region formed to 
extend from said device isolation layer to a 
pixel region. 

20 

7. A solid-state image-sensing device according to 
Claim 6, wherein the opposite-conductivity-type 
semiconductor region is formed by extending a por- 
tion of a semiconductor well region. 

25 

8. A method for producing a solid-state image-sensing 
device, comprising the step of forming, by perform- 
ing ion implantation, a semiconductor region after 
forming a device isolation layer resulting from local 
oxidation, the device isolation layer isolating pn- 30 
junction sensor parts in correspondence with pix- 
els, the conductivity type of said semiconductor 
region being opposite to the conductivity type of a 
charge accumulating region of each of the sensor 
parts, wherein an end of the semiconductor region 35 
is positioned at the side of the parts except for an 
end of the device isolation layer. 

9. A method for producing a solid-state image-sensing 
device according to Claim 6, wherein the semicon- 40 
ductor region is formed by a second semiconductor 
well region formed between a first semiconductor 
well region and the device isolation layer. 



1 0. A method for producing a solid-state image-sensing 45 
device according to Claim 6, wherein, after forming 

the device isolation layer, the semiconductor region 
is formed by forming, beneath the device isolation 
layer, a second semiconductor well region leading 
to a first semiconductor well region. so 

1 1 . A method for producing a solid-state image-sensing 
device, comprising: 



a step for forming a device isolation layer ss 
resulting from local oxidation, the device isola- 
tion layer isolating pn-junction sensor parts cor- 
responding to pixels, and for forming a gate 
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